Abstract-This paper presents the initial result of an investigation on the application of ultrasonic sensors for a breast surface mapping. Ultrasonic transmitter and receiver were used to perceive the objects by emitting a short ultrasonic burst. The application for this system will be used in ultrasound tomography. The purpose of this study is to investigate the usability of the low frequency ultrasonic transducer to be applied in the medical field. FPGA technology and data acquisition system were used to establish the embedded system of the ultrasound tomography. FPGA is used to generate a pulse by the transmitter and the pulse is set perpendicular to the breast surface. The signal that has been reflected from the breast surface will be captured by the receiver. The results obtained shows that the system is capable of detecting the object. We also managed to demonstrate the noise reduction technique done in the frequency domain to suppress the unwanted signal.
INTRODUCTION
Ultrasound scan image is one of the most important and popular technologies in medical imaging. It is safe, noninvasive, portable, real-time and non-ionizing imaging modality for a wide spectrum of medical imaging needs [1] , [2] . Ultrasound image can be reconstructed to give a more accurate image with fast responses and inexpensive especially when compared with other imaging techniques such as magnetic resonance imaging (MRI) and computed tomography (CT) [3] . This will help medical world to becoming excellent with the aid of a digital concept.
By converting the ultrasound signal from analog to digital, making this device more versatile and broaden its application [4] . Most of the digital design today can be integrated with the used of Field Programmable Gate Arrays (FPGA), instead of microprocessors (MP) in order to achieve a high-speed and high-precision system with high stability and low noise [4] , [5] , [6] . It also has an ability to be reconfigured and to be reprogrammed. Furthermore, this will transform the ultrasound machine from a PC based platform into a FPGA based platform, which is smaller, cheaper and with reconfigurable performance [7] .
Ultrasonic devices can be found in many applications, such as in industry, home, medicine and oceanography. One such device is the 40 kHz ultrasound transducer that has been invented in a few decades ago [8] . They were used once as remote control and anti-theft devices, and recently as parking sensors in cars [8] , [9] .
Previous studies demonstrate that ultrasound tomography with 40 kHz ultrasonic sensor has been used in fluid and gas tomography [11] , [12] , [13] , [14] . In most of this study, it show that the basic tomography system consists of an array of sensors located around the target object [11] , [14] , then the signal is transferred to the computer for the tomography image reconstruction [15] .
In this study, we also choose to use a 40 kHz ultrasound transducer because we want to investigate the usability of this type of transducer with the application of body part. This type of transducer is cheap and it's widely available in the market [9] . Basically, a different types of transducers will give a different characteristics primarily based on their frequency response [10] . The result present on this paper is focused on the preliminary study of the 40 kHz ultrasonic sensor characteristic signal that been projected directly perpendicular to the breast surface.
II. ULTRASOUND TRANSDUCER

A. An array of ultrasound transducers
In order to capture an ultrasound wave, a form of transducer is needed for the electronics device to interface with the outside world. Transducer is practically a bandpass filters since they are only responsive or receptive to a narrow frequency band [4] .
The 40 kHz air-coupled piezoelectric devices wills only response to the frequency band centered on 40 kHz theoretically. In practice this was found to be closer to 40±5 kHz. It is an open type of ultrasonic transducer. The size is 10 mm in diameter, the length is 7.1 mm and the spacing lead is 5.0 mm. This sensor can also be used in application such as remote control, proximity sensors, intruder detector and data transmission. In ultrasound tomography, the equipment such FPGA is required to process the transmitted and the received signal from the transducer to make it as a full embedded system of the ultrasound tomography.
B. Time of response theory
In an industrial application, distance in air is often measured by using ultrasonic sensors [4] . The main measurement method is based on a pulse time-of-response (TOR) estimation called pulse echo method. Based on this method, the TOR is directly proportionate to the length of the path that signal travel from the transmitter to the target object and reflected back to the receiver [16] .
Since the speed of a sound is depending on the medium in which it is travelling, different types of material will affect the propagation of a generated sound wave [16] . This phenomenon can be exploited by transmitting ultrasound waves through a target object from various different points in space, and measuring the resulting waves from other points in space around the target object [4] .
In Fig. 1 , the effect of medium air on propagation speed is illustrated. The sound velocity in air is approximately 341 m/s. Although temperature and pressure play a role in propagation, these are assume to be constant and be neglected to aid simplicity. The time for a sound wave to travel to the receiver would be: t = Distance / velocity (1) which mean that in 1 m distance, the time that it take for the sound to propagated 0.0029 sec. From this, it is clear that the speed of ultrasound propagation is similar to the characteristic of a sound wave. By using this information, the types of medium that its travels through can be determined. The time that it's taken to travel from the transmitter to the receiver is called the time-of-response (TOR). 
III. EXPERIMENT SETUP
In the experimental setup, the basic hardware preparations are the FPGA Altera DE2 board, ultrasonic sensor, oscilloscope and breast phantom. Fig. 2 shows the layout of ultrasonic design of the experimental setup. 
A. Ultrasonic signal generator
An electrical pulse of 20 μs is generated by using a FPGA and supplied to the transmitter. A FPGA DE2 was used to control the projection of ultrasound signal. The pulses were then creating a 3.3 V pp of 40 kHz ultrasonic signal by transmitter as shown in Fig. 3 . 
B. Electronic measurement technique
 In signal conditioning circuit of ultrasonic sensor, a pair of transmitter and receiver is placed side by side in front of the target object.
 The 40 kHz of ultrasonic signal are transmitted to the object which is an ultrasound breast phantom and the resulting waveforms are captured using an oscilloscope.
 Ultrasonic measurement is based on the TOR principle. The transmitter emits ultrasonic pulse 40 kHz to the surface of target object and reflected back to the receiver as an echo pulse. The equation is shown in (2). 
TOR = t chirp + t echo (2)
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C. Ultrasonic transmission method
The method that applied in this research is the reflectance mode. In this method, the time that it take for the ultrasonic wave to propagate from the transmitter to the targeted object and reflected back to the receiver will be measured.
D. Data processing in Matlab
Once the raw data was held as a spreadsheet file from the oscilloscope, it can be opened using Matlab to be analyzed. The purpose of this process is to extract the TOR information from the raw data and plot this information so that the validity of the measurement could be verified. Fig. 6 shows a procedure to produce TOR information from the raw data. 
IV. RESULTS AND DISCUSSIONS
The aim of the initial experiment is to acquire the TOR value from the raw data produced by the oscilloscope. This result can be used further for mapping a breast surface.
The result in Fig. 7 shows a signal at transmitter and receiver in time domain captured by oscilloscope. This captured signal is noisy and curly that causes us a difficulty to find the peak value at the receiver for TOR calculation. In order to solve that, we proposed to remove all the unwanted frequency in the frequency domain form. At this point, it is easier to identify all the unwanted frequency from the plot. This is done by transform the signal from the time domain to the frequency domain using fast Fourier transform (fft) method. Fig. 9 (a) shows a signal at the receiver in discrete frequency domain. From this plot we can see that there is a very high magnitude of the signal with a very low frequency (approximately 50 Hz). This frequency cause the signal on Fig. 9 look wavy. In order to solve that we need to remove all of the frequency that is other 40 kHz. The result in Fig. 10 shows a signal at the receiver in the time domain after being converted back from the frequency domain shows on Fig. 9 (b) using inverse fast Fourier transform (ifft) function. By doing that, the envelope of the original signal is very visible. The TOR is measured starting from the pulse propagated through the transmitter to the maximum peak of the pulse received at the receiver as illustrated in Fig. 11 (b) . Although the first rising edge could still be detected on the processed signal, the peak signal provides a better option to find the TOR value. Figure 11 . Graph of time-of-response CONCLUSION All the preliminary results from raw data show that the system is capable of detecting an object. In the future work, more transmitters and receivers with higher frequency will apply in this research to obtain tomography images.
This research also sets out to investigate the recent developments in FPGA technology, looking specifically at the benefits that FPGAs deliver to embedded system design. It then moves on software and hardware configuration that will provide a cheap, fast-tracked of an ultrasound tomography system.
